Abstract. The short-and long-term outcomes of colorectomy for colorectal adenocarcinoma have not been fully evaluated in elderly patients. The present retrospective study investigated patients who underwent curative surgery for colorectal cancer at the Department of Surgery, Yokohama City University (Yokohoma, Japan). The patients were categorized into two groups: Elderly patients (70-79 years of age; group A) and extremely elderly patients (≥80 years of age; group B). The rates of surgical morbidity, surgical mortality, overall survival (OS), and recurrence-free survival (RFS) in the two groups were compared. A total of 191 patients were evaluated in the current study. Of these, 137 patients were included in group A, and 54 were included in group B. With the exception of the American Society of Anesthesiology physical status score, there were no significant differences in the preoperative clinicopathological outcomes of the two groups. The overall complication rates in groups A and B were 12.4 and 16.7%, respectively, and did not differ to a statistically significant extent (P= 0.440). In addition, surgical mortality was not observed in either group. The 5-year OS and RFS rates were similar between the group A and B patients (75.6 vs. 76.9%; P=0.5537; and 71.9 vs. 62.2%; P= 0.192, respectively). The short-term outcomes and long-term survival following colorectomy for colorectal adenocarcinoma among patients in the 70-79 years of age group, and those who were ≥80 in the current study were almost equal. Thus, it is not necessary to avoid colorectomy for colorectal adenocarcinoma in elderly patients simply because of their age.
Introduction
Every year, more than 1.36 million individuals are diagnosed with colorectal cancer (CRC) worldwide. CRC is the third most frequent cancer-related cause of death (1, 2) . Complete resection is essential for obtaining a cure in patients with CRC.
The number of elderly patients is rapidly growing worldwide. With individuals of ≥80 years of age representing the fastest growing subset of the population, the management of complex surgical issues promises to become even more challenging (3, 4) . However, previous studies have excluded patients in this age group. Furthermore, few authors have evaluated the short-and long-term outcomes of colorectomy for colorectal adenocarcinoma patients of ≥80 years of age (5, 6) . Thus, the short-term outcomes and long-term survival of elderly patients who undergo colorectomy for colorectal adenocarcinoma remain unclear. In addition, elderly patients often have co-morbidities and age-related physiological problems that can lead to greater postoperative complications or poorer survival in comparison to non-elderly patients (4) .
We retrospectively investigated the short-term outcomes and long-term survival after colorectomy for colorectal adenocarcinoma in patients of ≥80 years of age and compared them with patients who were 70-79 years of age.
Patients and methods
Patients. This was a retrospective single-institutional study. The patient records were retrieved from the collected database of the Department of Surgery, Yokohama City University (Yokohoma, Japan), between March 2000 and April 2015. The inclusion criteria were as follows: i) Histologically proven colorectal cancer, ii) >20 years of age, and iii) underwent curative surgery with lymph node dissection for colorectal cancer as the primary treatment. The patients were categorized into two groups: Elderly patients (≥80 years of age, Group A) and non-elderly patients (70-79 years of age, Group B).
Surgical procedure and adjuvant chemotherapy. All colorectomies were performed in accordance with standardized procedures that have been described elsewhere (7) . Briefly, resection of the colon or rectum with D3 dissection Evaluation of safety, feasibility and the long-term outcomes of colorectomy for colorectal adenocarcinoma in patients older than 80 years of age was performed according to the Japanese Classification of Colorectal Carcinoma (sixth edition) (8) . The approaches for colonic mobilization were decided by the surgeon. For right-sided lesions, the vascular pedicles were divided at their origin, and the draining lymph nodes (nos. 203, 213 and 223) were resected along the superior mesenteric vein. For left-sided lesions, the lymph nodes at the root of the inferior mesenteric artery (no. 253) were removed with high ligation, or with the preservation of the left colic artery and ligation of the root of the superior rectal artery. When a histological examination of the resected specimen revealed a pathological stage of III, 5-FU based adjuvant chemotherapy was administered (9) .
Definition of postoperative complications. The grade 2-5 postoperative complications (according to the Clavien-Dindo classification) that occurred during hospitalization and/or within 30 days after surgery were retrospectively determined from the patient records (10) . Grade 1 complications were not evaluated, to exclude the possibility of a description bias in the patient's records.
Follow-up. The patients were followed up at outpatient clinics. Hematological tests and physical examinations were performed at least every three months for five years. In the patients who received adjuvant chemotherapy, hematological tests and physical examinations were performed at least every two weeks during adjuvant chemotherapy, and at least every three months for five years after the patients finished adjuvant chemotherapy. The CEA and CA19-9 tumor marker levels were checked at least every three months for five years. The patients underwent a CT examination every three months during the first three years after surgery, and then every six months until five years after surgery.
Evaluations and statistical analyses. Overall survival (OS) was defined as the period between surgery and death. Recurrence-free survival (RFS) was defined as the period between surgery and recurrence or death, depending on which preceded. The data of the patients who did not experience an event were censored on the date of the final observation. OS and RFS curves were calculated using the Kaplan-Meier method, and were compared by the log-rank test. Comparisons between the two groups were performed using the unpaired χ 2 method or Student's t-test. P<0.05 was considered to indicate statistical significance. The data are expressed as the median (range). The SPSS software package (v11.0 J Win; SPSS, Chicago, IL, USA) was used for all of the statistical analyses. Table I . The baseline characteristics of the study patients. This study was approved by the IRB of the Kanagawa Cancer Center.
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Results
Patient background.
A total of 191 patients were eligible for the present study (male, n=120; female, n=71; median age, 77 years; range, 70-94). The median follow-up period was 35.6 months (range, 1-172 months). A total of 137 patients were classified as elderly patients (Group A), and 54 were classified as extremely elderly patients (Group B). The background characteristics of the patients are summarized in Table I . The American Society of Anesthesiology physical status (ASA-PS) score was significantly worse and the incidence of co-morbidities was significantly higher in Group B than in Group A (P= 0.048 and P= 0.031, respectively). On the other hand, the tumor location and clinical stage were similar.
Surgical and pathological findings. The operative details and pathological findings are shown in Table II . With regard to the intraoperative outcomes, significant differences were observed between groups A and B in the median duration of surgery (230 min vs. 199 min, P= 0.030) and the median blood loss (314 ml vs. 213 ml, P= 0.030). On the other hand, the type of surgery, the performance of lymph node dissection, and the number of harvested lymph nodes were similar (P= 0.651, P= 0.182, and P= 0.733, respectively). No significant differences were observed in the pathological findings of the two groups.
Postoperative complications. (Table III) . Moreover, the univariate and multivariate analyses demonstrated that the ASA-PS score was a significant risk factor for recurrence-free survival. However, age was not identified as a significant prognosticator for recurrence-free survival in either the univariate or multivariate analyses (Table IV) . 
-----------------------------------------------------------------------------------------------------------------------------
Discussion
The short-and long-term outcomes of colorectomy for colorectal adenocarcinoma in patients of ≥80 years of age were similar to those of patients who were 70-79 years of age. Thus, our results suggest that colorectomy is a safe option for colorectal adenocarcinoma that can achieve similar survival benefits, regardless of the age of the patient. Furthermore, the results suggest that it may be performed in extremely elderly patients who are deemed optimal candidates in all other respects. The extremely elderly and elderly patients showed similar short-term outcomes, including the overall postoperative complication rates, mortality rates, and length of hospital stay. Similar results were observed in previous reports. For example, Bircan et al evaluated the impact of colorectal surgery on the short-term results and analyzed the factors that had the potential to influence these results in elderly patients, in a study conducted between January 2008 and December 2013. A total of 265 patients were enrolled and analyzed in that retrospective study (6) . Among the patients who underwent surgery during the study period, 110 were between 60 and 69 years of age (group 1), 99 were between 70 and 79 years of age and 56 were ≥80 years of age. A comparison of the postoperative surgical complications, revealed no significant differences in the postoperative surgical complications of the three groups (10.0, 13.1, and 21.4%, respectively). In addition, Pelloni reviewed the records of 300 consecutive colorectal resections that were performed between 2002 and 2008 (11) . Their patients were divided into two groups: Group A comprised patients who were <80 years of age, while group B included patients who were ≥80 years of age. They found that the complications, mortality and hospital stay of the two groups were comparable. By contrast, Kang et al evaluated the impact of age on the postoperative clinical outcomes after the laparoscopic resection of colorectal cancers in 578 patients (12) . The patients were divided into 6 groups according to their age using 70, 75, and 80 years as cut-off values: <70, ≥70 years; <75, ≥75 years; and <80, ≥80 years. They reported that the overall postoperative complication rate was 21.1% (n=122). There were 4 cases of operative mortality (0.7%). The postoperative complication rates in the elder group were consistently higher at all three cut-off ages; however, only the cut-off of 80 years showed a statistically significant difference between the younger and elder groups. In addition, a trend towards a higher grade of complications (according to the Clavien-Dindo classification) was noted, but significant differences between the older and younger groups were only observed when a cut-off of 80 years was used. These data suggest that when complications occur in elderly patients, they rapidly increase in severity.
In the present study, the 5-year OS rates and RFS rates of the elderly and non-elderly patients were similar (75.6% vs. 76.9%, P= 0.554 and 71.9% vs. 62.2%, P= 0.829, respectively). The median OS and RFS were similar between the two Table IV . The univariate and multivariate Cox proportional hazards analyses of the clinicopathological factors associated with recurrence-free survival. (14) . They found that the overall 5-year and 10-year and survival rates were 28 and 4%, respectively, while the median survival was 33 months (range 0-150 months). In addition, age alone was not a risk factor for long-term survival. They concluded that acceptable long-term survival can be achieved in patients of ≥75 years of age if patients with extensive distant metastases and those whose general condition is too poor to withstand a major operation are treated conservatively. Special attention is required when interpreting our results because the present study was a case series and was performed in a single center. The morbidity rate might have been affected by the surgical indications, and this selection bias represents a major limitation. In these cases, the surgical indication was determined by four physicians, including an anesthesiologist, who took into consideration the activities of daily living, performance status, medical history, physical examinations, and organ function-as is done in general community hospitals. However, there is a possibility that only patients with a good status were selected because our hospital is a university hospital. Elderly patients who have co-morbidities and visit general hospitals often undergo surgery at the hospital in which they receive their diagnosis. Indeed, the ASA-PS score, the incidence of co-morbidities, and the pre-operative laboratory data were similar between the two groups. Furthermore, surgical skill was an important factor with respect to surgical morbidity and mortality. On reviewing our data of non-elderly patients, the overall mortality and morbidity rates in the non-elderly patients were 0 and 12.4%, respectively, which were similar to (or even lower than) the data of previous reports, suggesting that our surgical skill is average. Considering these limitations of the present study, further studies should be performed to focus on the patients who should be selected as candidates and who can be expected to do well after colorectomy for colorectal cancer.
In summary, both the short-term outcomes and long-term survival after colorectomy for colorectal cancer were almost equal in the elderly and non-elderly patients of this study. Thus, it is not necessary to avoid colorectomy for colorectal cancer simply because of age in elderly patients who may otherwise be good candidates for surgery.
